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METHOD FOR PRODUCING GROUP III 
ELEMENT NITRIDE SINGLE CRYSTAL AND 

GROUP III ELEMENT NITRIDE 
TRANSPARENT SINGLE CRYSTAL 

PREPARED THEREBY 

TECHNICAL FIELD 

The present invention relates generally to a method for 
producing single crystal of a Group-III-element nitride. 

BACKGROUND ART 

Group-III-element nitride semiconductors have been used 
in the ?eld of heterojunction high-speed electron devices or 
photoelectron devices (semiconductor lasers, light emitting 
diodes, sensors, etc.), for example. Among the Group-III 
element nitride semiconductors, gallium nitride (GaN) in par 
ticular has been gaining attention. Heretofore, gallium nitride 
single crystal has been obtained by reacting gallium With 
nitrogen gas directly (J. Phys. Chem. Solids, 1995, 56, 639). 
In this case, hoWever, an extremely high temperature of 1300° 
C. to 1600° C. and an extremely high pressure of 8000 to 
17000 atm (about 800 to about 1700 MPa) are required. In 
order to solve this problem, a technique for groWing gallium 
nitride single crystal in a sodium (Na) ?ux (hereinafter such a 
technique also is referred to as a “Na ?ux method”) has been 
developed (e.g., US. Pat. No. 5,868,837). According to this 
method, it is possible to reduce the required heating tempera 
ture drastically to 6000 C. to 8000 C. and also the required 
pressure to about 50 atm (about 5 MPa). HoWever, the single 
crystal obtained by this method is blackened, thereby posing 
a problem in quality. Furthermore, although the temperature 
and pressure required by this method are much loWer than 
those required When producing the single crystal by reacting 
gallium With nitrogen gas directly, the conditions required by 
this method are still stringent, and there are demands for 
further reduction, especially in the required pressure. More 
over, conventional techniques cannot produce bulk-siZed 
large transparent gallium nitride single crystal that has a loW 
dislocation density and is of high quality. Besides, the con 
ventional techniques can achieve only a poor yield. More 
speci?cally, according to the conventional techniques, the 
groWth rate of the single crystal is extremely sloW, for 
example, about a feW micrometers per hour. Thus, even When 
gallium nitride is groWn for 1000 hours, the siZe of the 
obtained single crystal is only about a feW millimeters. In fact, 
the largest gallium nitride single crystal that has ever been 
reported had a maximum diameter of only about 1 cm. Thus, 
it has been dif?cult to put gallium nitride to practical use. A 
method for groWing gallium nitride single crystal by reacting 
lithium nitride (Li3N) With gallium also has been reported 
(Journal of Crystal GroWth 247 (2003) 275-278), for 
example. HoWever, according to this method, the siZe of the 
obtained crystal is only about 1 to 4 mm. The above-described 
problems are not speci?c to gallium nitride, but may occur in 
other Group-III-element nitride semiconductors. 

DISCLOSURE OF INVENTION 

Therefore, With the foregoing in mind, it is an object of the 
present invention to provide a method for producing bulk 
siZed large transparent Group-III-element nitride single crys 
tal that has a loW dislocation density and is of high quality 
With a high yield. 

In order to achieve the above object, a ?rst method for 
producing Group-III-element nitride single crystal according 
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2 
to the present invention includes: reacting at least one Group 
III element selected from the group consisting of gallium 
(Ga), aluminum (Al), and indium (In) With nitrogen (N) in a 
mixed ?ux containing sodium (Na) and at least one of an 
alkali metal (other than Na) and an alkaline-earth metal, 
thereby causing Group-III-element nitride single crystal to 
groW. 
By reacting the Group III element such as gallium With 

nitrogen in the mixed ?ux containing sodium and at least one 
of an alkali metal (other than Na) and an alkaline-earth metal 
as described above, it is possible to produce bulk-siZed large 
transparent single crystal that has a loW dislocation density 
and is of high quality. Moreover, the pressure to be applied 
during the reaction may be loWer than that in the conventional 
techniques. The above-noted US. patent Publication 
describes the use of a ?ux containing sodium alone and the 
use of an alkaline-earth metal as a catalyst. HoWever, it is to be 
noted here that the above-described ?rst production method 
uses the mixed ?ux containing sodium (Na) and at least one of 
an alkali metal (other than Na) and an alkaline-earth metal, 
and the alkaline-earth metal is not used as a catalyst. This is a 
signi?cant difference betWeen the ?rst production method 
and the above US. patent Publication. OWing to this differ 
ence, the ?rst production method can produce bulk-siZed 
large transparent Group -III -element nitride single crystal that 
is of high quality. 
A second production method according to the present 

invention includes: reacting at least one Group III element 
selected from the group consisting of gallium (Ga), aluminum 
(Al), and indium (In) With nitrogen (N) in a metal ?ux con 
taining at least one of an alkali metal and an alkaline-earth 
metal, thereby causing Group-III-element nitride single crys 
tal to groW. In the second production method, a Group-III 
element nitride is provided beforehand, and the Group-III 
element nitride is brought into contact With the metal ?ux to 
cause neW Group-III-element nitride single crystal to groW 
using the Group-III-element nitride as a nucleus. 
The second production method also can produce bulk 

siZed large transparent Group-III-element nitride single crys 
tal that is of high quality. Moreover, according to this method, 
the conditions required for the reaction can be made less 
stringent than in conventional techniques. Note here that the 
most important feature of the second production method is 
that it can produce large single crystal quickly. That is, in the 
second production method, as the siZe of the Group-III-ele 
ment nitride serving as a nucleus increases, larger Group-III 
element nitride single crystal can be obtained more quickly. 
For example, When gallium nitride that is in the form of a thin 
?lm is used as a nucleus, gallium nitride single crystal having 
the same area as the thin ?lm groWs in the thickness direction. 
Thus, for example, in the case Where the thin ?lm having a 
maximum diameter of 5 cm is used, When gallium nitride 
single crystal having the same area as the thin ?lm groWs in 
the thickness direction by several micrometers to several 
millimeters, suf?ciently large bulk-siZed gallium nitride can 
be obtained. The same applies to other Group-III-element 
nitrides. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1A and 1B are schematic vieWs shoWing the con 
?guration of an example of an apparatus to be used for pro 
ducing gallium nitride single crystal. 

FIG. 2 shoWs scanning electron microscope (SEM) photo 
graphs of gallium nitride single crystal obtained by an 
example of a production method according to the present 
invention. 
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FIGS. 3A and 3B are scanning electron microscope (SEM) 
photographs of gallium nitride single crystal obtained by 
another example of a production method according to the 
present invention. FIG. 3A is the SEM photograph at 500>< 
magni?cation, and FIG. 3B is the SEM photograph at 6000>< 
magni?cation. 

FIG. 4 is an optical microscope photograph (245x magni 
?cation) of gallium nitride single crystal obtained by still 
another example of a production method according to the 
present invention. 

FIG. 5 is a graph shoWing a relationship betWeen a pressure 
during the reaction and a yield of gallium nitride single crystal 
in still another example of a production method according to 
the present invention. 

FIG. 6 is an optical microscope photograph (245x magni 
?cation) of gallium nitride single crystal obtained by still 
another example of a production method according to the 
present invention. 

FIG. 7 is a photograph of gallium nitride single crystal 
obtained by still another example of a production method 
according to the present invention. 

FIG. 8 is a graph shoWing a photoluminescence intensity in 
still another example of the present invention. 

FIGS. 9A and 9B are scanning electron microscope (SEM) 
photographs of gallium nitride single crystal obtained by still 
another example of a production method according to the 
present invention. FIG. 9A is the SEM photograph at l000>< 
magni?cation, and FIG. 9B is the SEM photograph at 130>< 
magni?cation. 

FIG. 10 is a scanning electron microscope (SEM) photo 
graph (7000>< magni?cation) of gallium nitride single crystal 
obtained by still another example of a production method 
according to the present invention. 

FIG. 11 is a cross-sectional vieW shoWing an example of a 
?eld-effect transistor according to the present invention. 

FIG. 12 is a cross-sectional vieW shoWing an example of an 
LED according to the present invention. 

FIG. 13 is a cross-sectional vieW shoWing an example of an 
LD according to the present invention. 

FIG. 14 is a cross-sectional vieW shoWing an example of a 
semiconductor sensor according to the present invention. 

FIG. 15 is graphs shoWing the results of PL measurement 
performed With respect to GaN single crystals obtained by 
still another example of a production method according to the 
present invention. 

FIG. 16A is a graph shoWing background of SIMS analy 
sis, and FIG. 16B is a graph shoWing the result of SIMS 
analysis performed With respect to the GaN single crystal 
obtained in the example shoWn in FIG. 15. 

FIG. 17 is a graph shoWing a relationship betWeen a ratio of 
Ca in a NaiCa mixed ?ux and a yield of GaN single crystal 
in still another example of a production method according to 
the present invention. 

FIG. 18 is a TEM photograph shoWing a cross section of a 
GaN single crystal thin ?lm produced by MOVPE in still 
another example of a production method according to the 
present invention. 

FIG. 19 shoWs the result of PL measurement performed 
With respect to the GaN single crystal thin ?lm produced by 
MOVPE in the example shoWn in FIG. 18. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, the present invention Will be described more 
speci?cally by Way of examples. 
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4 
In the present invention, the Group III element may be 

gallium (Ga), aluminum (Al), and indium (In). Among them, 
gallium is preferred. Furthermore, the Group-III-element 
nitride single crystal preferably is gallium nitride (GaN) 
single crystal. The conditions described in the folloWing are 
favorable especially for producing gallium nitride single 
crystal. HoWever, they are applicable to the production of 
single crystal of other Group-III-element nitrides as Well. 

In the ?rst production method of the present invention, 
examples of the alkali metal include lithium (Li), potassium 
(K), rubidium (Rb), cesium (Cs), and francium (Fr), and 
examples of the alkaline-earth metal include calcium (Ca), 
strontium (Sr), barium (Ba), and radium (Ra). They may be 
used individually or tWo or more of them may be used 
together. Among them, Li, Ca, K, Rb, and Cs are preferable, 
and Li and Ca are more preferable. The alkali metal (other 
than Na) and/ or the alkaline-earth metal may be added so that 
the ratio (mol %) thereof to the total of the sodium (Na) and 
the alkali metal (other than Na) and/or the alkaline-earth 
metal is, for instance, in the range from 0.1 to 99 mol %, 
preferably from 0.1 to 50 mol %, more preferably from 0.1 to 
35 mol %, and still more preferably from 0.1 to 30 mol %. 
Furthermore, in the case Where calcium (Ca) alone is used, the 
ratio (mol %) of the calcium (Ca) to the total of the sodium 
(Na) and the calcium (Ca) is, for instance, in the range from 
0.1 to 99 mol %, preferably from 0.1 to 50 mol %, more 
preferably from 0.1 to 35 mol %, and still more preferably 
from 0.1 to 30 mol %. Also, the ratio (mol %) of the sodium 
(Na) to the total of the gallium (Ga) and the sodium (Na) is, 
for instance, in the range from 0.1 to 99.9 mol %, preferably 
from 30 to 99 mol %, and more preferably from 60 to 95 mol 
%. The mole ratio of the gallium, sodium, and calcium par 
ticularly preferably is Ga:Na:Ca:3.7:9.75:0.25 or 27:51 :22. 
HoWever, note here that the present invention is not limited to 
the above-mentioned ranges. 

In the ?rst production method of the present invention, the 
melting can be carried out, for example, under conditions of 
a temperature of 100° C. to 15000 C. and a pressure of 100 Pa 
to 200 MPa; preferably a temperature of 3000 C. to 12000 C. 
and a pressure of 0.01 MPa to 50 MPa; and more preferably a 
temperature of500o C. to 11000 C. and a pressure of0.1 MPa 
to 6 MPa. 

In the ?rst production method of the present invention, the 
nitrogen (N) containing gas may be, for example, nitrogen 
(N 2) gas, ammonia (NH3) gas, or the like. Alternatively, the 
nitrogen (N) containing gas may be a mixed gas obtained by 
mixing these gases, and the mixing ratio thereof is not par 
ticularly limited. Above all, ammonia gas is preferable 
because the pressure required during the reaction can be 
reduced. 

The ?rst production method of the present invention may 
be used in combination With the second production method. 
More speci?cally, a Group-III-element nitride such as gal 
lium nitride may be provided beforehand, and then the 
Group-III-element nitride may be brought into contact With 
the mixed ?ux to cause neW Group-III-element nitride single 
crystal to groW using the Group-III-element nitride as a 
nucleus. The conditions and the like required in this case are 
the same as those in the second production method to be 
described later. 

In the ?rst production method, the mixed ?ux may contain 
an impurity as a dopant. By so doing, it is possible to produce 
gallium nitride single crystal containing an impurity. 
Examples of the impurity include carbon (C), oxygen (O), 
silicon (Si), alumina (Al2O3), indium (In), aluminum (Al), 
indium nitride (InN), silicon oxide (SiO2), indium oxide 
















